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of training of ENT specialists is at least 3 years and 9 
For the period they work in 9 sub-division by rotation, 3 

in each sub-division. With the relatively short period of 
it will be difficult to have comprehensive ear surgeons. 

. of ear surgeons requires several years, needs optimum 
and system. General instructional objectives and specific 

objective has been made, also training schedules. What 
and what is available are evaluated. Co-operation with 

International Japan has been achieved. More co-operation 
developed country is needed. 

CODING IN AUDITORY NEURONS TO 
ELECTRICAL STIMULATION 

rDw'nm. J. Hocking (3), G.M. Oark (1,1,3) 
Co-Ooera1tive Research Centre for Cochlear Implant, Speech & 

Research, Melbourne, Australia 

temporal response of the auditory pathway following 
~oc:hlear electrical stimulation will reflect the level of encoded 

information, which is important for the further development 
implant speech processing strategies, and in turn lead to a 

understanding of temporal coding of acoustic stimuli Temporal 
of sound frequencies is based on the phase or time locked 

response seen to low frequency acoustic stimuli. The ability of 
to respond in a time locked manner may determine the degree 

Fm;;UU\;U temporal frequency information. Electrophysiological 
have shown that the degree of response synchrony to charge

biphasic electrical stimuli is far greater than that seen to 
stimuli. We have investigated the temporal response 

of single units in the anteroventral cochlear nucleus 
in the cat to rates ofelectrical stimulation up to 800 pulses/s. 

normal hearing cats Were anaesthetised with pentobarbital 
(Nembutal; 45 mglkg) I.P. and maintained with supplementa1 

V. The AVCN was exposed and the animals were unilaterally 
with a feline version of the Melbourne/Cochlear scala 

eleetrode array. Following acoustic characterisation of 
units with characteristic frequencies between 0.4 and 20.0 

z the responses to electrical stimuli at 200, 400, 600 and 800 pps 
:r a 10 to 34 dB (re IJ1,A) intensity range were recorded. Input
:put functions of the response at set intervals throughout a 50ms 
:'st of biphasic electrical stimuli revealed changes in the response 
e from the onset time of each burst over increased stimulus rates. 
esc changes in the response entrainment were also accompanied by 
mges in the temporal response synchrony. These responses were 
o compared with the units' response to acoustic stimuli. These data 
:gest a possible decrease or loss in the coding of temporal 
ormation for implant patients receiving high rate electrical 
nulation. 

TEMPORAL CODING FOR SOUND AND TEMPORO

SPATIALPATTERNS OF ELECTRICAL STIMULATION 


ri. PaoOni and G.M. Oark 
e University of Melbourne, Melbourne, Australia 

e anterior division of the ventral cochlear nucleus (AVCN) is the 
it relay station of the auditory pathway. It receives auditory 
ormation via the auditory nerves emanating from the cochlea. 
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Electrical stimulation via current cochlear implaril.~-..v~_._,___..es 
not lead to responses at the cochlear nucleus that exact1y match those 
elicited by comparable auditory stimulation. Complex temporal 
patterns of electrical stimulation may provide a better simulation of 
the acoustic input. Currently little is known about the physiolOgical 
responses to variations of the time intervals between pulses. In this 
investigation we are examining physiological responses of neurons in 
the AVCN to electrical stimulation using in vivo intracellular 
electrophysiological recordings. Two stimulus paradigms were 
investigated to determine the synchrony and the effectiveness in 
eliciting neural responses: (l) pulse pairs with varying interpulse 
intervals; and (2) a 50 ms burst of c~arged balanced biphasic 
electrical pulses delivered at constant rates with varying amplitudes. 
Rats were anaesthetised with urethane (1.3g1kg i.p), the crania and 
dura removed and the cochlear nucleus exposed. A small modified 
version of the Melbourne/Cochlear scala tympani banded electrode 
array was inserted in the cochlea after exposure of the round window. 
Upon neuron impalement, the cochlea was stimulated using biphasic 
pulses (IOOl1s /phase) up to 2.0 rnA in intensity. In our sample of 
recorded neurons, spike responses were elicited by both stimulus 
pulses in all cells teSted up to 1000 Hz on paradigm one. Testing on 
the second stimulus paradigm showed that at stimulus rates below 
600 Hz neuronal firing occurred on presentation of each pulse during 
the stimulus train (deterministic firing). At higher rates (600 Hz and 
above) this deterministic response was no longer seen with neurons 
responding stochastically. In response to higher stimulus rates, 
between 600 to 1000 Hz, most neurons responded with progressively 
smaller action potential amplitudes to pulses along the stimulus train. 
This drop in action potential amplitude was more prevalent with 
increasing strength of stimulation. At rates greater than 1200 Hz 
stimulation, however, neurons responded with a stochastic firing 
pattern with regularly spaced spikes of similar amplitude at a rate 
lower than that of the stimulus (200-400 Hz). This firing pattem is 
similar to that seen in neurons classified as chopper in response to 
acoustic stimulation. In one identified spherical bushy cell stimulated 
up to 4000 Hz, this neural chopping behaviour became more 
prominent with increasing rate. In halve the cells recorded, at rates 
400 Hz and greater, baseline resting potential became more negative 
during the stimulus. This hyperpolarising response persisted up to 60 
ms post stimulation. Pulsatile stimulation results suggest that A VCN 
neurons are able to follow high frequency stimulation for short 
periods. The long duration pulsatile stimulation results suggest that 
stimulation above 600 Hz and below 1200 Hz produces a loss in 
encoding ability. Above 1200 Hz stimulation, the rate encoded, 
however, is effectively lower. The encoding ability of these neurons 
may have implications in the clinical application of cochlear implants 
where new speechprocessing strategies have tended to operate at 
higher stimulus rates. 
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PREDICTION OF VARIANCE IN NEURAL RESPONSE TO 


COCHLEAR IMPLANT STIMULATION AND ITS 

IMPLICATIONS FOR PERCEPTION 


Stephen O'Leary, Lawrence IrUcht, Ian Bruce, Mark White and 
Graeme Oark • 
Department of Otolaryngology, University of Melbourne, Melbourne. 
Australia 

Cochlear implant patients' perception of sound is derived 
electrical pulses arising from an electrode 'array. Chosen aspects of 
the acoustic spectrum are coded via a stimulation pattern desi1'f~ 
according to some sound coding algorithm. Thus, a patients' abtltty 
to discriminate between sounds, and in turn their 
understanding, is directly related to their ability to differen~atc 
between the patterns of electrical stimulation which code vanOUS 
sounds. Is it possible to predict a patient's stimulation discrimination 
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ability? Statistical theory indicates that a good measure of the 
discriminability of signals is the mean to standard-deviation ratio of 
.esponseto qte signals, with a higher ratio providing better 
discriminability. In this paper, the signal is eledrical stimulation of 
the scala tympani with bipolar, biphasic current pulses. and the 
.esponse is spike activity of individual auditory nerve fibres in the cat. 
We analyze experimental measurements of the mean, variance and 
standard-deviation of auditory nerve spike activity to a variety of 
electric stimulation conditions. In order to explain the mean to 
variance relationship, we apply a point process model of neural 
response. This model demonstrates that.refractory properties of the 
neuron explain the experimental responses, and pennits a prediction 
ofneural response under arbitrary conditions. These results facilitate 
a prediction. of the discriminability of variously coded sounds 
permitting the design of new stimulation strategies wh~ch improve 
speech understanding. 

A MATHEMATICAL MODEL OF ELECTRICAL 

STIMULATION OF THE AUDITORY NERVE 


1:C Bru% La. lrlicht. M. W. White, S.J. O'UD.1'Jl, S. Dynes, E. 
/tlVeJ. G.M. atuk . 
The Human Communication Research Centre, The University of 
Melbourne, Melbourne, Australia 

Accurate .models of Auditory Nerve (AN) response to eledrical 
stimulation may assist with the development of speech processing 
strategies for cochlear implants. Until recently most models of AN 
n:sponse to eledrical stimulation have utilised deterministic (non
random) descriptions, in spite of strong evidence for stochastic 
(random) components of behaviour in the neurophysiological data. 
Models of auditory performance using these deterministic 

have been unable to predict many important 
fpsydiophysical phenomena. Can stochastic models improve these 

answer this question, we have developed a model of AN response 
includes the stochastic behaviour, but which is also 

fomputationally efficient enough to be ,used in predicting 
the individual response for each neurone in the 

filuditory nerve, and subsequently in the prediction of psychophysical 
The model has been developed by adding membrane noise as 

IbCasured in neurophysiological studies to a classical deterministic 
<;;Omparison of the deterministic and stochastic models 

~lights aspects of neuronal response which cannot be explained 
a deterministic model. Furthermore, the stochastic model is 

to be more accurate in predicting psychophysical performance 
a classical deterministic model. This model can consequently 
with optimising the configuration of current speech processing 

and with developing new strategies. 

". INTERACTION BETWEEN THE CYTOKINE LIF AND 
~~NEUROTROPHINS ON SPIRAL GANGLION CELLS 

G. aark, R. Shepherd In coUaboratlon with 
fIfI/plItrick* and P.F. Bartlett* 
~t of Otolaryngology, The University of Melbourne, ·The 

and Eliza Hall Institute, Melbourne, Australia 

~~val of auditory neurones depends on the continuous supply 
Ihicfactors. Hair cells within the cochlea are known to produce 

R.-ui)olv growth factors responsible for the survival and growth of 
neurones. As a result of trauma, disease or ageing, 

hair cells are lost. and consequently, the supply of growth 

factors is reduced, leading to a secondary wave of auditory nerve 
degeneration. 
Neurotrophins and cytokines are two families of growth factors 
reported to have .activity in the cochlea., Moreover. it is suggeSted 
that neurotrophins and cytokines act synergistically upon sensory 
nerve cells, although the mechanism of this synergistic effect is 
unknown. It has, however, been suggested .that one of the growth 
factors could be involved in the maintenance of basic cellular 
metabolic function, while the other could be involved in 
differentiation events. 
The current study involves a primary cell culture of cochlear neurones 
(spiral ganglia neurones) in vitro. These cultures are being used to 
investigate the action of exogenous growth factors 'on the process of 
outgrowth and survival of auditory nerve cells, in order to find 
combinations of growth factors that could be applied to maintain 
and/or repair auditory neurones in vivo. 

1 

jPreliminary findings suggest that the cytokine Leukaemia Inhibitory 
Factor (LlF) displays trophic activity of spiral ganglion neurone 
cultures. The more definitive findings and interaction between LIP 
and the neurotrophines will be reported. 
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NORMAL NEURONAL PATI'ERN AND CHANGES 

AFI'ER DEAFFERENTIZATlON OF COCHLEAR 


NUCLEUS IN MONKEYS 


M. Hanrlgu" R. Insaustl, L /tillregul, A. Insaustl, N. Perez 
University ofNavarra,.Pamplona. Spain 

INTRODUCTION: In order to improve the current design of the 
Auditory Brainstem Implant (ABI). we are carrying out a research '0 
project on ll'Ionkeys (macaca fascicularis) with these two goals; I) . I 
Study of the normal neuronal pattern of the Cochlear Nucleus (eN) 
and the changes after deafferentization; and 2) analyse the effects of ..£1 
the ABI implantation in the CN of the monkey. We present the 
general schedule of the project and the results concerning the first -J
objective. 
METHOD: The study of the normal architecture of the CN and its 
topographic relatiQns at the brainstem was carried out in a control jgroup of S monkeys. Group A In 7 monkeys, Group B, a bilateral 
translabyrinthic section of the acoustic nerves was performed to 
analyse the effects of deafferentization three months after the.surgical 
section. After examination of the effectiveness of the auditory nerve j
section, the brainstem was dissected and serially sectioned orthogonal 
to its long axis in a freezing microtome at 30 11m. Control cases were: ~lI) injected with WOA-HRP to study the primary afferent projection 
of the acoustic nerve: 2) transcardially perfused With 4% 
paraformaldehyde and sections incubated with antisera against 
nonphosphorilated neurofilaments (SMI-32) to show 
inmunoreactivity in neurons, glial fibrillary acid protein (OFAP) as an 
astrocytic marker, and other histochemical and inmunohistochemical 
markers (Synaptophysin, Calretinin, Parvalbumin and Calbindin). 
Experimental cases with bilateral section of the acoustic nerve were I
perfused as controls three months later and the immunohistochemical 
series compared to controls. 
RESULTS: There is an increase in the overall astrocytic population 
affecting all levels of the cochlear nuclei. There is a profound 
reorganization of the gUa shown as a loss of the discrete surrounding 
of astrocytic processes ofthe CN neurons. At the neuronal level. the 
cochlear nuclei show a decrease in volume with no apparent loss of 
neurons. The SMI-32 pattern of inmunoreactivity in control cases 
labeled selectively the large population of neurons, mostly spherical 
bushy. multipolar and giant cells. The inmunoreaitivity, labeled the 
soma as well as the proximal part of dendrites, fibers and weakly 
labeled bundles of woolly fibers. The experimental cases showed a !;! 

decrease in multipolar and giant cells number, a loss of the 
immunoreactivity in the proximal processes of the stained neurons, a 
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